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An ideal method of construction in space would utilize some form of the "Universal Differentiator" and 
"Universal Constructor" as described by Von Neumann (1). The Universal Differentiator is an idealized 
non ore specific extractive device which is capable of breaking any ore into its constituent elements, and 
the Universal Constructor can utilize these elements to build any device with controllability to the 
nanometer scale. During the "Human Exploration Initiative" program in the early 1990s a conceptual 
study was done (2) to understand whether such devices were feasible with near term technology for the 
utilization of space resources and energy. A candidate system was proposed which would utilize 
electronically enhanced sputtering as the differentiator. Highly ionized ions would be accelerated to a 
kinetic energy at which the interaction between them and the lattice elections in the ore would be at a 
maximum. Experiments have shown that the maximum disintegration of raw material occurs at an ion 
kinetic energy of about 5 MeV, regardless of the composition and structure of the raw material. Devices 
that could produce charged ion beams in this energy range in space were being tested in the early 
1990s. At this energy, for example an ion in a beam of fluorine ions yields about 8 uranium ions from 
uranium fluoride, 1,400 hydrogen and oxygen atoms from ice, or 7,000 atoms from sulfur dioxide ice. 
The ions from the disintegrated ore would then be driven by an electrical field into a discriminator in the 
form of a mass spectrometer, where the magnetic field would divert the ions into collectors for future 
use or used directly in molecular beam construction techniques. The process would require 10-7 Torr 
vacuum which would be available in space or on the moon. If the process were used to make thin film 
silicon solar cells (ignoring any energy inefficiency for beam production), then energy break even for 
solar cells in space would occur after 14 days. 


(1) Advanced Automation for Space Missions, NASA CP 2255, Proceedings of the 1980 NASA ASEE, 
Summer Study, Santa Clara California 

(2) Curreri, P.A., General-Purpose Element-Extracting Process using Electronically Enhanced 
Sputtering, NASA Tech Briefs, pg. 70, October 1993. 
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Super Automation using Space Resources 



Advanced Automation for Space Missions 
NASA CP 2255 

Proceedings of the 1980 NASA ASEE 
Summer Study, Santa Clara California 



SELF-GROWING LUNAR FACTORY 


A Self Replicating Lunar Factory, R.A. Freitas and W. B. Zachary, 
Space Manufacturing 4, 1981 



Self-Replicating Lunar Manufacturing 

Facility 






• 100-ton seed (4 Apollo Landings) produces 100-tons same materials 

fot: simple exponential doubling growth 

+ log^M, where T is elapsed time, N = number of seeds 
Thef Rr^i^tivity, P, jn tons/year is, P = 100*log2N 


f each unit wo^pnfy on replicas and units cooperate in replication, 
We get J&^pp| growth where T = 1 + !4 + ...+ 1/N 

In 18 yeall-exp^fiSion we have 4 billion tons which is roughly the entire 
industrial out put of humanity (1980). 


A Self Replicating Lunar Factory, R.A. Freitas and W. B. Zachary, Space Manufacturing 4, 1981 






What would be the Ideal technology for construction in Space 

Robots in the Desert Story 

Universal Differentiator 

- Has the ability to take any ore or c 
complex material and break it down 
into its constituent elements 

Universal Constructor 

- Has the ability to construct any de 
including a copy of itself from a sou| 
of elements of constituent parts John von Neumann 

Los Alamos 

With sufficient material and energy Space 
industrial capacity develops exponentially 

Adv. Automation for Space Missions, Ed. by Robert Freitas, NASA CP 2255 (1980). 





Schematic view of a particle beam differentiator 










Schematic view of an element collector 




Schematic view of a molecular beam assembler 
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Humans in the Loop Self-Reproducible Self-Sufficient Habitat in Free Space 


•* — 1g Og 



Curreri, P.A., “A Minimized Technological Approach towards Human Self Sufficiency off Earth,” in CP880, STAIF 2007, edited by M. 
S. El-Genk, AIP CP880. oas. 904-910. 2007. 





Habitat 

Geometry 

Number of 
People/unit 

Planned US 

Launch 

capability 

Testable on the 
Moon 

O’Neill Cylinders 

2,000,000 

Beyond 

No 

Bernal sphere 

20,000 

Beyond 

No 

Stanford T orus 

10,000 

Beyond 

No 

Bolo (1975) 

200 

Difficult 

Difficult 

Homestead Bolo 

10 

Yes 

Yes 




Affordable Space Solar Power + Human Colonies in Free Space 

Built using Lunar and Asteroid Materials 



Total number 
of 5000 Mw 
SSPS stations 


Power cost 
(mills/kwh j 


Net annual 
income including 
10% interest 
(revenue-costs) 


p| 13th year: p; 
meets a nnual 
need for new 
generating g 
capacity in U.S 

Pljpj Total ipp 
ilp payback pi 
achieved 


Years from start of program 



Solar Power Satellite - "the killer app.” 



Space Solar Power Satellite suggested by Dr. Peter Glasser in 1968 
21 by 5 km Satellite would provide 10 GW to Earth by Microwave Beam 

“No alternative at all was found to the manufacture of solar satelli 
Plants as the major commercial enterprise of the colony.” 

Johnson, R. D. and Holbrow, C., eds., Space Settlements, a Design Study, SP-413, NASA, Washington, D.C. 197 
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The Economic Advantage of Beginning with Small Permanent Space Habitats 



A Comparison of small bolos to the 1975 NASA Ames project using an almost 
identical model (1975 economics). This shows the economic benefit of early 

spaced based labor achieved through smaller permanent habitats. 
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Lunar Soil Composition 



Magnesium 

6% 


Aluminum 

7 % 


Calcium 

8 % 


Other 
3% 


Oxygen 

42 % 



Engineering with Lunar Elements 



Lunar Elements Only 

Material 

Class 

Lunar Elements Plus - 5W or Less Earth 
Imports 


High Capacity 

Limited Capacity 


High Capacity 

Limitec 

Capacil 

1 

h / 


AJ 

Mg 

Fe 

Ti 

Cr 

Ni 

Structural 

Metals 

A1 

Mg 

Fe 

Ti 

C 

r 




Wta t 
EC 
1060 
1100 
3003 
3005 
3030 
3032 
3056 
3083 
3086 
5154 
3337 
6063 
6101 
6151 
Cast 
A13 
43 
214 
220 
356 
360 
A1 
Ma^ 
35 

AM10 

0 

MIA 

A3A 

1020 

1095 

1340 

5140 

A24 

2 

X70 

9260 

501 

99.2 

99 

Ti- 

8Mn 

4-4 

AIM 

n 

5 Steel 

410 

430 

Nicluom 

e 

Z-Ni 

F^rmallay 

Fennendu 

X 

200 

201 

211 

212 

Inconel 

600 

702 

721 

722 

7075 

7178 

MA67 

MA37 

ZK60 

AZ80A 

404 

2 

434 

0 

864 

0 

6B 

6- 4 
AW 

5- 2.5 
AVSn 

7- 4 
Al/Mo 

6- 2-4-2 
AVSn/ 
Sr/Mo 

SS 

440C 

446 
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Engineering with Lunar Elements 2 



A12Q3 in Al, Mg Fe, Glass in Mg, 
Ti5Si3 in Ti 

AlSOGinNi 
Si02 inNi 

Re mt Diced 
metals 




Cast Basalt 
Dark Glass 
Foamed Glass 


Structural 

nonmetals 




A1203 Cm j MgO Ti'i'7. Si02, 
Spinels, Mined ceramics. 
fiber, Ti5Si3 

Cr203, K2Ti03 

Tliermal 

materials, 

refractorvi 

insulation, 

fibers 






Electric / 
m^netic 
Materials 




Fe, Al, Mg 

Ni-Cr 

Conductors 


KanthalA-1 


Eestistance 

alloys 


Si 

AlP.FeS2. NiO. CoO 

Semico ridu 
ctois 


Same as thermal except Ti5Si3) + 
titnates 


Diele tries/ 
iris. 


Fe, Si — steels (M15, MS-8) 
Fe304. MeFe204. sendust 

Permalloy 

Permendur 

Cr)3 

Magnetics 


Fe3C4. TiO 


Electrodes 


Same as refractorvs except CaO + 
garnets 


Abrasives 


mso'vg 

TiCf*2U%'i 


02, 03 

S02, S0#,Cr03 

Fluid / 
Volatile^ 
Cryogenic 
ant'ient nip 
< 300 
CHaH 

H20 (11%), H202 (6%l H2S04, 
H2S03, H3P04 

H2S(6%), 

HBPpifl 

NdOH 
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In Space Propulsion using Space Resources 


centrifugal 

force 


mobile unit withy 
sweepers and 
st or age bag ■ 

mooring 
attachmer 





Advances in Power Production 

Example: 

Lunar Photovoltaic Power 

Small Rover evaporates lunar regolith thin films on lunar glass 
Predicted Energy Break Even < 1 Lunar Day 
Predicted Grown Power >100 KW / year / rover 



Lunar Solar Cell Producing Rover Concept 


Freundlich, Ignatiev, Horton, Duke, Curreri, Sibille, Manufacturing of Solar Cells on the Moon, in 31 st IEEE PSC,p. 794, 2005 17 






Power consumption (kW) 


Production of O2 from Lunar Regolith ( 1 kT 02/yr basis) 



0.1 1 10 100 

Mass throughput (tonnes/hr) 


(From L.W. Mason, in Space 92, p. 1 1 39, ASCE (1992)) 
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(c) Toris, Outside View. 


ig 




(d) Cylinder, Inside View. 


og 


(e) Sphere, Inside View. 



(f) Toris, Inside View. 




MULTIPLE DUMBBELLS 




MULTIPLE BEADED TORUS 




8EAOED 

TORUS 





